Background: Previous studies have reported conflicting results for the relationship between dipeptidyl peptidase-4 (DPP-4) inhibitor drugs and acute pancreatitis. The aim of this study was to investigate the association between DPP-4 inhibitors and an increased risk of acute pancreatitis using meta-analysis.
Introduction
Dipeptidyl peptidase-4 (DPP-4) inhibitors are incretin-based drugs widely used in the management of type 2 diabetes mellitus. [1, 2] By preventing glucagon-like peptide 1 (GLP-1) from rapid breakdown through inhibition of DPP-4, an enzyme responsible for metabolizing the gastrointestinal hormone GLP-1, the DPP-4 inhibitors enhances pancreatic endogenous insulin secretion and suppresses pancreatic glucagon secretion, resulting in the reduction blood glucose levels. [3] Acute pancreatitis is a serious condition that often results in hospitalization and even death. [4] There is a concern about DDP-4 inhibitors leading to acute pancreatitis in humans, although the evidence remains controversial. [5] [6] [7] Some authors have reported that after adjustment for available confounders, the use of DDP-4 inhibitors was not associated with an increased risk of acute pancreatitis compared with control groups; [2, [8] [9] [10] other studies yielded positive results. A study from Italy concluded that the reporting odds ratio (OR) was 1.86 (95% CI: 1.54-2.24) in a case-control study of 2625 cases and 156,601 noncases. [11] Singh et al [12] reported a higher increased risk for acute pancreatitis associated with the use of DDP-4 inhibitors in patients with type 2 diabetes mellitus with an OR of 2.02 (95% CI: 1.31-3.01) in a population-based case-control study. A study conducted in France in 2013 even reported an OR of 12.08 (95% CI: 7.30-20.0) for acute pancreatitis associated with the use of DDP-4 inhibitors (sitagliptin, vildagliptin, and saxagliptin). [13] A previous study [14] found that DDP-4 inhibitors were associated with an increased risk of acute pancreatitis with an RR of 1.57; however, the study only focused on randomized clinical trials. Previous studies on this association have yielded conflicting results owing to their limited statistical power. Thus, the main aim of our study was to perform a meta-analysis on the risk of acute pancreatitis in type 2 diabetes mellitus patients who used DDP-4 inhibitors compared with a placebo-controlled population.
Materials and methods

Data sources and search strategy
We performed a systematic literature search of PubMed, Embase, Web of Science, and Cochrane library from inception to March 4, 2017 . Human studies that reported data on DPP-4 inhibitors and risk of acute pancreatitis were included without restriction on language. The overall search strategy referred to medical subject heading terms and/or text words: (dipeptidyl peptidase-4 inhibitor or DPP-4 or sitagliptin or alogliptin or linagliptin or saxagliptin or vildagliptin) and (acute pancreatitis or pancreatitis). The reference lists of all included studies were also manually reviewed for potential studies. Abstracts and citations were screened independently by 2 authors. All the included articles need a further screening for full-text reports. Papers that only provided abstracts were also included if sufficient data were reported.
Inclusion and exclusion criteria
A study was included in the meta-analysis if it met the following criteria: (1) studies assessing DDP-4 inhibitors compared with placebo; (2) studies evaluating the association between DDP-4 inhibitors and risk of acute pancreatitis in patients with type 2 diabetes mellitus; (3) one of the outcomes is acute pancreatitis; and (4) studies with reference group. Editorials, letters, systematic reviews, comments, or reports lacking sufficient data were excluded. If the works were shared or duplicated in more than one study, the most recent publication was included. All identified papers were reviewed by 2 authors independently. Any disagreements were resolved by consensus with a third reviewer.
Data extraction
Two investigators independently extracted the following data from each study: First author, year of publication, country, study type, adjusted HR/OR, and type of DDP-4 inhibitors used. Disagreements were resolved by detailed discussion, consensus, and arbitration by the third author.
Statistical analysis
All statistical analyses were performed with stata version 11.0 software (StataCorp, College Station, TX). Relative risks (RRs), OR, or hazard ratio (HR) with 95% confidence interval (CI) were used to estimate the effect sizes. I 2 was used to describe the statistical heterogeneity among studies. I 2 > 50% was considered to exhibit severe heterogeneity. A random-effect model was used if P > .05 and I 2 < 50%; otherwise, a fixed-effect model was selected. We used the Begg test (rank correlation method) [15] to evaluate the possible publication bias and a P value of <.1 was considered as significant statistical publication bias. We performed metaanalyses when relevant data were available from at least 3 studies.
Results
Characteristics of the subjects in the included studies
Detailed studies retrieval procedures are summarized in Figure 1 . A total of 451 references were preliminarily identified according to the search strategy. Two hundred eight-nine records remained after excluding 162 duplicate articles. We screened titles and Chen et al. Medicine (2017) 96: 48 Medicine abstracts of all identified papers and 202 clearly irrelevant records were excluded. After reviewing the remaining articles in detail, 74 articles were excluded with reasons. Finally, 5 casecontrol studies, 5 randomized controlled studies, and 3 cohort studies were included in the study. The characteristics of the 13 studies [1, 2, [7] [8] [9] [10] [11] [12] [13] [16] [17] [18] [19] are presented in Table 1 .
Meta-analysis results
As shown in Figure 2 , the incorporated results in randomized controlled studies indicated a statistically significant increased risk for acute pancreatitis in type 2 diabetes mellitus patients who used DDP-4 inhibitors without heterogeneity with an RR of 1.67 (95% CI: 1.08-2.59; I 2 = 0, P = .682). Random-effects meta- Table 1 Baseline characteristic of patients in the meta-analysis. analysis showed that DDP-4 inhibitors were associated with an increased risk of acute pancreatitis with noticeable heterogeneity with OR = 1.45 (95% CI: 1.30-1.61; I 2 = 96.0%, P = .00) (Fig. 3) . However, similar results were not observed in cohort studies with HR = 1.06 (95% CI: 0.89-1.26; I 2 = 0, P = .899) (Fig. 4) .
DPP-4 Placebo
Publication bias
To evaluate potential bias across studies, the Begg test with funnel plot asymmetry was used to identify small study effects of the association between DDP-4 inhibitors and the risk of acute pancreatitis. The funnel plot of randomized controlled, casecontrol, and cohort studies shown in Figure 5 , Figure 6 , and Figure 7 , respectively, was symmetrical, which indicated a low potential publication bias (P = .139, .253, .951, respectively).
Discussion
In this meta-analysis, we analyzed the risk of acute pancreatitis associated with DDP-4 inhibitors in type 2 diabetes mellitus patients. We found evidence to suggest a marginally increased risk of acute pancreatitis associated with the use of DDP-4 inhibitor drugs in patients with type 2 diabetes in randomized controlled and case-control studies.
Since the first report involving DDP-4 inhibitors drugs (sitagliptin/metformin) and its association with acute pancreatitis published by American Food and Drug Administration, [20] numerous studies related to DDP-4 inhibitors and the risk of acute pancreatitis have been reported. Our findings are in line with previous studies.
[ [11] [12] [13] [14] Previously, the meta-analysis of randomized clinical trials found that DDP-4 inhibitors were associated with an increased risk of acute pancreatitis (RR = 1.57, 95% CI = 1.03-2.39). [14] Positive results were not observed in meta-analysis cohort studies. A meta-analysis involving 3 retrospective cohort studies with moderate to high risk of bias did not suggest an increased risk of pancreatitis associated with sitagliptin with an adjusted HR of 1.0 (0.7-1.3). [4] The heterogeneity within the above studies was likely a result of several methodological shortcomings, including the use of inappropriate comparator groups, small sample sizes, confounding by indication, time-lag bias, and various durations of followup. In randomized controlled studies, there were imbalances in case number of acute pancreatitis both in DDP-4 inhibitors groups and placebo groups. In a study conducted in the United States, [18] 24 events in DDP-4 inhibitors groups and 21 in placebo groups were reported; in another study, [17] 12 events and 4 events in DDP-4 inhibitors groups and placebo groups were recorded, respectively. In yet another study, 23 events occurred in DDP-4 inhibitors groups and 12 in placebo groups. In these studies, most cases were complicated by longstanding cardiovascular disease, which does not conform to the patients using DPP-4 inhibitors in a clinical setting. [1] Singh et al [12] reported a significantly increased risk of acute pancreatitis associated with the use of the DPP-4 inhibitor-sitagliptin in type 2 diabetes mellitus with an OR of 2.02 (95% CI:1.31-3.01). In a large number of cohort studies, compared with acarbose in diabetic patients, the authors concluded that sitagliptin was not associated with an increasing risk of acute pancreatitis even in high-risk patients. [21] A recent review reported that DPP-4 inhibitors were not associated with the risk of acute pancreatitis. [22] Previous meta-analyses [23] only focused on randomized controlled studies; however, there are some case-control or cohort studies that reported the risk of acute pancreatitis.
Although we included different types of studies in our metaanalysis, it has limitations. We failed to perform a metaregression analysis to evaluate the potential variables because of unavailable data even though there was noticeable heterogeneity in case-control studies. Another limitation was related to various study designs. This can account for why our analysis failed to have a unified conclusion for different study types. Even though the Begg tests with funnel plot asymmetry suggested that there was no obvious publish bias, potentially bias may be unavoidable. Besides, in this meta-analysis, the DPP-4 inhibitors had 4 different molecular structures. This also may another source of bias. It may affect the stability of results. Our meta-analysis shows an increased risk of acute pancreatitis in DPP-4 inhibitor drugs in randomized controlled studies or case-control studies. However, meta-analysis of cohort studies failed to confirm this association with only 3 studies included. Therefore, this finding should be interpreted cautiously. There remains a cloud of uncertainty regarding the association between the risk of acute pancreatitis and DPP-4 inhibitor. Thus, to better understand the possible association, all types of original studies encompassing whole populations are urgently warranted.
